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Abstract 

Background: Several studies have presented evidence suggesting that dairy consumption has beneficial effects on 
blood pressure (BP) in healthy subjects; however, only a few studies have examined this possibility in patients with 
established essential hypertension using ambulatory blood pressure monitoring. The objective of this study was to 
investigate how consuming dairy products impacts mean daytime systolic and diastolic BP in men and women 
with mild to moderate essential hypertension. 

Methods: Eighty-nine men and women with systolic BP > 135 mm Hg and < 160 mm Hg and diastolic BP < 1 10 mm 
Hg were enrolled in this single-blind, randomized, cross-over, controlled study. Participants had to incorporate three 
daily servings of dairy products or control products equivalent in macronutrients and sodium during four-week 
treatment phases. Twenty-four hour ambulatory BP and endothelial function were assessed at screening and 
at the end of each dietary phase. 

Results: The consumption of three daily servings of dairy products led to a significant reduction in mean 
daytime ambulatory systolic BP (-2 mm Hg; P = 0.05) in men compared with readings after the control phase. 
In women, dairy consumption had no effect on ambulatory systolic BP. Moreover, endothelial function was 
significantly improved by dairy consumption in the whole cohort. 

Conclusion: These data indicate that the consumption of three daily servings of dairy products have beneficial effects 
on daytime systolic ambulatory BP compared to a heart-healthy, dairy-free, diet in men with mild to moderate essential 
hypertension. 

Trial registration: This trial is registered at clinicaltrials.gov as NCTOl 776216. 

Keywords: Dairy products. Nutrition, Clinical trial. Essential hypertension. Ambulatory monitoring 



Background 

Arterial hypertension, which is defined as mean ambula- 
tory daytime systolic blood pressure (BP) > 135 mm Hg 
and diastolic BP > 85 mm Hg, is one of the most import- 
ant risk factors for cardiovascular and renal disease [1]. 
In 2000, approximately 26% of adults worldwide had 
hypertension, and its prevalence is expected to increase 
to 29% in 2025. Suboptimal control of BP is responsible 
for 13.5% of premature deaths and 6.0% of disability- 
adjusted life years [2,3]. One of the first complications of 
hypertension is impaired endothelial function. Endothe- 
lial dysfunction is an early marker of vascular damage 
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and increases the risk of coronary artery disease [4,5]. 
These cardiovascular risk factors are closely related, and 
treating hypertension improves endothelial function [5]. 
As an important public health burden, promoting a healthy 
lifestyle and diet is essential. 

Diet is a key factor for preventing and treating ele- 
vated BP [6,7]. Healthy eating patterns, such as the Dietary 
Approaches to Stop Hypertension (DASH), vegetarian di- 
ets or the Mediterranean diet, have been shown to have 
beneficial effects in controlling BP [8-10]. High intakes of 
potassium, calcium and magnesium or low intakes of so- 
dium and alcohol may also contribute at different levels to 
lower BP [11,12]. 

Dairy products are part of the healthy eating patterns 
cited previously and contain large amounts of potassium, 
calcium and magnesium. Daily consumption of this food 
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group appears to be beneficial for BP control Recent 
meta-analyses [13,14], including nearly 45, 000 and 57, 
000 subjects, and systematic reviews of the literature on 
dairy products, BP and hypertension [15,16] showed that 
consuming low-fat dairy products and milk consumption 
is inversely associated with the risk of hypertension. The 
combination of the micronutrient composition (calcium, 
magnesium and potassium) and the bioactive peptides 
(lactotripeptides) of dairy products could act synergistically, 
which would thus explain this protective effect [15,16]. Be- 
cause these aforementioned studies evaluated the associ- 
ation between dairy products and the risk of hypertension, 
the causal link between dairy consumption and BP reduc- 
tion remains unclear. In fact, randomized clinical trials that 
have attempted to assess this relationship either were not 
designed to identify nutrients that lower BP or used small 
sample sizes [8,17-19]. For example, in the original DASH 
study, the diet rich in fruits, vegetables and low-fat dairy 
products led to a greater reduction in BP than the control 
diet without dairy products [8]. However, in addition to 
including dairy products, there were also other important 
differences in nutritional composition that could have 
played a significant role in BP control. Therefore, the im- 
pact of dairy products per se was not individually charac- 
terized in the DASH study. 

Finally, very few studies have assessed BP using am- 
bulatory BP monitoring (ABPM). APBM is a proven and 
reliable method to assess BP because it reflects the actual 
BP more accurately than casual or in-office BP mea- 
surements and allows white coat syndrome, hidden hyper- 
tension or nocturnal hypertension to be detected that 
otherwise could not be detected with standard measure- 
ments [20,21]. 

The objective of this study was to investigate how the 
consumption of three daily servings of dairy products 
impacts the mean daytime systolic and diastolic BP in 
men and women with mild to moderate essential hyper- 
tension. We hypothesized that consuming three servings 
of dairy products per day would significantly reduce the 
mean daytime systolic and diastolic BP as measured by 
24-h ABPM. We have also examined how the consump- 
tion of three daily servings of dairy products impacts endo- 
thelial function. We hypothesized that dairy consumption 
would significantly improve the endothelial function as 
measured by digital pulse amplitude tonometry. 

Results and discussion 

Of the 163 persons screened, 89 met the eligibility cri- 
teria and were randomized. During the study, 9 subjects 
dropped out of the protocol by their own and 4 were ex- 
cluded for medical reasons (3 participants had sustained 
SBP > 160 mm Hg and 1 participant had a major surgery 
and general anesthesia). A total 76 participants (33 females 
and 43 males) completed the entire protocol (Figure 1). 



Screening 
n=163 



Not eligible 
n=74 



Randomization 
n=89 








Completion 
n=76 



Did not complete 
n=13 



Figure 1 Flow chart of participants. 



Demographic and anthropometric characteristics at the 
baseline (week 0) are presented in Table 1. The mean age 
and mean BMI of the participants were 53.3 ± 12.2 y and 
28.2 ± 3.7 kg/m^, respectively. No significant differences in 
weight were noted at the end of each dietary intervention 
(A = 0.2 kg; P = 0.26). However, between the first and the 
last week of the CONTROL diet, a small but significant 
weight loss occurred (-0.3 ±1.1 kg; P = 0.03). No such dif- 
ference was measured between the first and the last week 
of the DAIRY diet (0.0 ± 1.0 kg; P = 0.70). 

Various methods were used to assess the compliance of 
participants to dietary intervention. First, an auto-reported 
checklist the participants completed daily allowed us to 
calculate the percentage of consumed food for each diet- 
ary treatment. The average compliance rates during the 
DAIRY and CONTROL treatment were 98.9 ± 1.8% and 
98.7 ± 2.2%, respectively. Furthermore, the mean dairy 

Table 1 Baseline (week 0) characteristics of the 
participants who completed the study 

n = 76 



Women (n) 


33 


Age (y) 


53.3 ±12.2 


Weight (kg) 


80.6 ±13.3 


Height (m) 


1.69 ±0.11 


BMI (kg/m^) 


28.2 ±3.7 


Waist circumference (cm) 


95.8 ± 11.1 


Office systolic BP (mm Hg) 


126±11 


Office diastolic BP (mm Hg) 


81 ±8 


ABPM (Screening) 




Daytime systolic BP 


144 ±8 


Daytime diastolic BP 


87 ±8 


24-h systolic BP 


140 ±8 


24-h diastolic BP 


84±7 



Mean ± standard deviation. 
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intakes assessed using the FFQ were estimated at 3.4 
(CI 95%: 2.9-3.9) servings/day during the DAIRY treatment 
and at 0.1 (0.0-0.1) servings/day during the CONTROL 
treatment. Finally, the 25(OH)D serum concentrations 
were significantly higher after the DAIRY phase than 
after the CONTROL phase (60.5 ± 18.8 nmol/ml vs. 
53.5 ± 18.5 nmol/ml; P < 0.0001). 

The consumption of three daily servings of dairy prod- 
ucts led to no significant differences in daytime ambula- 
tory systolic (A = -1 mm Hg; Pi = 0.38) and diastolic BP 
(A = 0 mm Hg; Pi = 0.59) compared with the values after 
the CONTROL phase (Table 2). However, a significant 
difference in endothelial function assessed by the reactive 
hyperemia index (RHI) was observed between the two inter- 
ventions when adjusted for energy intal<e (DAIRY: 2.58 ± 
0.52 vs. CONTROL: 2.50 ± 0.54; P2 = 0.04). 

To address the potential role of various dietary factors 
on BP control, dietary composition was assessed using a 
standardized FFQ during the last week of each interven- 
tion phase (Table 3). During the DAIRY diet, partici- 
pants consumed significantly less fruits and vegetables 
(-3.0; P< 0.0001) and meat and substitutes (-0.3; P = 
0.001). Those differences were mainly attributable to the 
provided foods during the CONTROL diet, i.e. 3.3 serv- 
ings of fruits and vegetables and 0.6 serving of meat and 
substitutes. Also, during the DAIRY diet, participants 
consumed significantly more sodium (238 mg/day; P = 
0.008) and more calories (254 kcal/day; P = 0.0005), even 
if the dairy products and the control foods provided were 
matched for these nutrients. As expected, calcium, mag- 
nesium, potassium and vitamin D intakes were signifi- 
cantly higher during the DAIRY phase than during the 
CONTROL phase. 

Figure 2 presents the variation in daytime systolic BP 
between both treatments for each participants. BP vari- 
ation was calculated as the difference in the mean day- 
time systolic BP between the DAIRY and CONTROL 
diets. The mean daytime systolic BP was lowered by dairy 
consumption for 40 subjects and remained stable or in- 
creased for 36 participants. The relative proportion of 
men tended to be higher among negative responders than 



among positive responders (0.65 vs 0.44; P = 0.06). Further 
analyses also suggested a difference in SBP change be- 
tween men and women after the dairy phase (Interaction 
test: treatment*sex, P = 0.07). Consequently, the impact of 
dairy consumption on BP and endothelial function was 
assessed in men and women separately. The consumption 
of three daily servings of dairy products led to a signifi- 
cant reduction in mean daytime ambulatory systolic BP 
(-2 mm Hg; P = 0.05) in men compared with readings 
after the CONTROL phase (Table 4). In women, dairy 
consumption had no significant impact on systolic BP and 
endothelial function (Table 5). The diastolic BP was higher 
after the DAIRY phase than after the CONTROL phase 
(1 mm Hg; P = 0.05). 

This study evaluated the impact of consuming three 
daily servings of dairy products on BP in men and 
women with mild to moderate essential hypertension. 
This study is one of the first to assess the impact of dairy 
consumption per se on BP using ABPM with a consider- 
able sample size (n = 76). Consumption of dairy products 
corresponding to the current Canadian recommenda- 
tions, in the context of a heart healthy diet, led to a sig- 
nificant improvement in the endothelial function in the 
whole cohort. Also, a reduction in mean daytime systolic 
BP was observed in men only. In women, dairy con- 
sumption had no significant impact on ambulatory sys- 
tolic BP. 

In the DASH study, the combination diet (or DASH 
diet), which included adequate amounts of low- fat dairy 
products in addition to a higher amount of fruits, vege- 
tables and reduced amounts of saturated and total fat, 
was associated with significant reductions in mean 24-h 
systolic and diastolic BP, as measured by ABPM [8]. The 
effects of this diet on the 24-h systolic and diastolic BP 
were more important than the effects of the control diet 
and the fruits and vegetables diet, both of which ex- 
cluded dairy products, and were greater among hyper- 
tensive subjects than among normotensive subjects. In 
the present study, the absence of a significant impact of 
the intake of three daily dairy servings on BP control in 
the whole cohort of hypertensive subjects could be 



Table 2 Ambulatory blood pressures (mm Hg) and RHI at the end of each dietary phase 




Dairy 


Control 


A 




Pi 


P2 


Daytime systolic BP 


142 ±9 


143 ±9 


-1 ( 


-2 to 1) 


0.38 


0.45 


Daytime diastolic BP 


86 ±9 


86 ±8 


0(- 


1 to 1) 


0.59 


0.42 


24-h systolic BP 


139±9 


139±9 


0(- 


1 to 1) 


0.68 


0.81 


24-h diastolic BP 


83 ±8 


83 ±8 


0(- 


1 to 1) 


0.59 


0.42 


RHI 


2.58 ±0.52 


2.50 ± 0.54 


0.09 


(-0.05 to 0.22) 


0.21 


0.04 



Dairy and Control BP: Mean ± standard deviation. 

A: Difference in mm Hg between Dairy and Control values (95% CI). 

RHI: reactive hyperemia index. 

Pi: Unadjusted paired t-test. 

P2: Adjusted for energy intake. 
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Table 3 Dietary composition during each phase of treatment 





Dairy 


Control 


A 


P 


Dairy products (servings) 


3.4 (2.9-3.9) 


0.1 (0.0-0.1) 


3.3 


<0.0001 


Fruits and vegetables (servings) 


7.0 (6.2-7.8) 


10.0 (9.1-11.0) 


-3.0 


<0.0001 


Meat and substitutes (servings) 


2.5 (2.2-2.7) 


2.8 (2.6-3.1) 


-0.3 


0.001 


Cereals (servings) 


4.4 (4.0-4.9) 


4.1 (3.7-4.5) 


0.3 


0.11 


Energy (kcal) 


2239 (2089-2401) 


1985 (1827-2157) 


254 


0.0005 


Alcohol (%) 


0.6 (0.4-1.1) 


0.8 (0.5-1.2) 


-0.2 


0.35 


Lipids (%) 


32.1 (31.1-33.3) 


32.5 (31.5-33.6) 


-0.4 


0.54 


SFA (%) 


10.7 (10.3-11.1) 


8.1 (7.8-8.4) 


2.6 


<0.0001 


MUFA (%) 


12.9 (12.4-13.5) 


14.2 (13.6-14.8) 


-1.3 


<0.0001 


PUFA (%) 


5.8 (5.5-6.2) 


7.3 (7.0-7.6) 


-1.4 


<0.0001 


TFA (%) 


1.1 (1.0-1.2) 


1.1 (1.1-1.2) 


0.0 


0.61 


Dietary cholesterol (mg) 


254 (232-278) 


204 (182-228) 


50 


<0.0001 


Protein (%) 


17.6 (17.0-18.1) 


144 (13.8-15.0) 


3.2 


<0.0001 


Carbohydrates (%) 


50.4 (49.2-51.6) 


54.2 (52.6-55.7) 


-3.8 


<0.0001 


Fiber (g) 


24.9 (22.8-27.2) 


26.1 (23.9-28.5) 


-1.2 


0.21 


Sodium (mg) 


2729 (2533-2941) 


2491 (2307-2691) 


238 


0.008 


Calcium (mg) 


1492 (1376-1617) 


533 (481-591) 


959 


<0.0001 


Magnesium (mg) 


445 (415-477) 


410 (379-444) 


35 


<0.0001 


Potassium (mg) 


4219 (3956-4500) 


3830 (3548-4134) 


389 


0.01 


Vitamin D (|ag) 


9.7 (8.9-10.6) 


4.9 (4.2-5.9) 


4.7 


0.006 



73 participants completed the FFQ after both treatment. 

Geometric mean (95% CI). 

A: Difference between Dairy and Control values. 



related, at least in part, to important differences in the 
diet compositions between the two intervention 
treatments. 

The first difference regarding diet composition is related 
to the daily consumption of sodium, which was signifi- 
cantly higher during the DAIRY phase than during the 
CONTROL phase (+238 mg; P = 0.008), despite the fact 




Figure 2 Individual variation In mean daytime systolic BP 
between the DAIRY diet and the CONTROL diet. Each bar 
represents the change (mm Hg) in blood pressure for one study 
subject; these data are arranged in rank to show the range of variation. 

v J 



that the DAIRY and CONTROL products had the same 
sodium content. A high consumption of sodium has been 
shown to have a deleterious impact on BP control [19,22]. 
Based on the DASH sodium study [19], we assessed that 
this difference in sodium intake had an impact of 0.6 mm 
Hg on systolic BP and of 0.3 mm Hg on diastolic BP. 
Therefore, it is likely that the higher intake of sodium 
might have attenuated the beneficial effect of dairy con- 
sumption on BP. 

Another important consideration in the interpretation 
of these results is related to the daily consumption of 
fruits and vegetables. In fact, consumption of fruits and 

Table 4 Ambulatory BP (mm Hg) and RHI at the end of 
each dietary phase for men (n = 43) 

Dairy Control A P 

Daytime 1 42 ± 1 0 1 44 ± 1 0 -2 (-3 to 0) 0.05 

systolic BP 

Daytime 87 ±9 88 ±8 -l(-2tol) 0.37 

diastolic BP 

24 h systolic BP 1 38 ± 9 1 39 ± 9 -1 (-3 to 0) 0.1 2 

24 h diastolic BP 84±8 84±8 0 (-1 tol) 0.61 

RHI 2.41 ± 0.43 2.30 ± 0.42 0.1 1 (-0.06 to 0.28) 0.63 

Mean ± standard deviation. 

A: Difference in mm Hg between Dairy and Control values (95% CI). 
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Table 5 Ambulatory BP (mm Hg) and RHI at the end of each dietary phase for women (n = 33) 



Dairy Control A P 



Daytime systolic BP 


142 ±9 


142 ±8 


0 (-1 to 3) 


0.45 


Daytime diastolic BP 


85 ±9 


84 ±8 


1 (0 to 2) 


0.05 


24 h systolic BP 


139±8 


138±7 


1 (-1 to 3) 


0.30 


24 h diastolic BP 


82 ±8 


81 ±8 


1 (0 to 2) 


0.13 


RHI 


2.83 ± 0.52 


2.78 ± 0.55 


0.05 (-0.18 to 0.29) 


0.63 



Mean ± standard deviation. 

A: Difference in mm Hg between Dairy and Control values (95% CI). 



vegetables was lower during the DAIRY phase than during 
the CONTROL phase (-3.0 servings/day; P < 0.0001). A 
diet rich in fruits and vegetables has been shown to exert 
beneficial effects on BP control. In the DASH study, the 
diet rich in fruits and vegetables, which contained 8.5 
servings of fruits, juice and vegetables and no dairy prod- 
ucts was associated with significant reductions in both 
systolic and diastolic BP compared with the control diet 
that was poor in fruits, juice and vegetables (3.6 servings/ 
day) [8]. Based on these data, we assessed that the differ- 
ence in the fruits and vegetables intake observed in the 
current study might have an impact up to 1.7 mm Hg 
on SBP and 0.7 mm Hg on DBP. It is important to 
emphasize that the 3.0 serving difference in daily con- 
sumption of fruits and vegetables observed in the current 
study was mainly constituted of juices and that the effect 
on BP might be lower than expected based on the DASH 
study. Nonetheless, it is likely that the higher consump- 
tion of fruits and vegetables, caused by the provided con- 
trol foods may have had favorable effects on BP during 
the CONTROL phase. 

Previous studies have also shown that weight loss is 
associated with beneficial effects on BP control. A meta- 
analysis reported that a 1-kg reduction in body weight is 
associated with a reduction of 1.1 mm Hg in systolic BP 
and 0.9 mm Hg in diastolic BP [23]. The relationship be- 
tween weight loss and BP reduction appears to be linear 
[24]. In the present study, the significant weight loss 
might have lowered both SBP and DBP of 0.3 mm Hg 
during the CONTROL treatment. 

Taken together, the combined effects of the lower so- 
dium intake (-0.5/-0.3 mm Hg), the consumption of more 
fruits and vegetables (-1.7/-0.7 mm Hg) and the sig- 
nificant weight loss (-0.3/-0.3 mm Hg) during the 
CONTROL phase may have decreased BP by 2.5/1.3 mm 
Hg and therefore attenuated the impact of dairy consump- 
tion by reducing the difference in BP between each treat- 
ment phase. 

Our results, showing that dairy consumption improves 
BP control in men, support the concept that constitu- 
tional factors could play a role in the heterogeneity of 
BP response to dairy intake. Several studies have 



suggested that sex steroid hormones have direct vascu- 
lar effects that may contribute to the gender differences 
in BP regulation [25,26]. Interestingly, these results are in 
contrast with those from the DASH study in which the 
DASH diet compared with the Fruits and Vegetables 
diet significantly reduced BP in women, but not in 
men [8]. Our results also suggested that dairy consump- 
tion could have a detrimental effect on DBP in women. 
Further studies are clearly needed to assess the contribu- 
tion of gender-related factors to the BP response to dairy 
intake. 

The short duration of the intervention periods and the 
partly controlled diet are the two limitations of this study. 
In addition, as the study population included subjects with 
mild to moderate hypertension, our results cannot be ex- 
trapolated to individuals with severe hypertension that 
may have a better BP response to dairy products [8]. Fur- 
thermore, it is important to note that the use of ABPM 
versus the standard sphygmomanometer measurement 
taken in a doctor s office has most likely enhanced the val- 
idity of the BP measurements in the present study [27]. 
Several lines of evidence indicate that ABPM data, par- 
ticularly the mean daytime systolic BP, correlate more 
closely than conventional in-office measurements with 
target organ injury [28] and CVD risk [29]. 

Conclusions 

The results of the current study suggest that dairy con- 
sumption has beneficial effect on endothelial function of 
mild to moderate hypertensive subjects. Also, our re- 
sults indicate that the daily consumption of three serv- 
ings of dairy products have beneficial impacts on daytime 
systolic BP, compared to a heart-healthy diet that ex- 
cludes dairy, in mild to moderate hypertensive men. 
In addition, our results suggest that gender could play 
a role in the heterogeneity of BP response to dairy in- 
take. Finally, the lack of a response to dairy intake in 
the whole cohort may be related to the lower sodium, 
significant weight loss and increased consumption of 
fruit and vegetables in the control diet. Therefore, con- 
trolled studies in which all foods are provided to partic- 
ipants to minimize interindividual variations in dietary 
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composition are required to assess the independent 
contribution of dairy intake on BP control in hyper- 
tensive subjects. 

Methods 

Population 

Eighty-nine adults were recruited between August 2011 
and December 2012 in Quebec City at the Institute of 
Nutrition and Functional Foods (INAF) of Laval Univer- 
sity. To be part of the study, participants had to be aged 
between 18-70 years old, have mild to moderate essen- 
tial hypertension (mean daytime systolic BP > 135 mm 
Hg and < 160 mm Hg and mean daytime diastolic BP < 
110 mm Hg, as identified with 24-h ABPM) and have 
maintained a stable body weight for at least six months 
prior to the study. Participants with body mass indices 
(BMI) > 35 kg/m^ that were smokers (>1 cigarette /day), 
with a previous history of cardiovascular disease, with 
type 2 diabetes, with monogenic dyslipidemia, that were 
taking anti-inflammatory drugs, that had endocrine or 
gastrointestinal disease, that had an allergy to dairy, that 
were clinically using vitamin D or calcium supplements, 
that were vegetarians or that had any other conditions that 
may interfere with optimal participation in the study were 
ineligible. 

Subjects taking anti-hypertensive drugs were eligible; 
however, they had to stop taking their medication at least 
three weeks before screening and for the duration of the 
study, under the approval of the study physician. Subjects 
taking lipid-lowering drugs were eligible under the same 
condition; however, they had to stop taking their medica- 
tion at least four weeks before screening. 

Pre-menopausal women were eligible, irrespective of 
the use of contraceptive agents, if their menstrual cycle 
had been regular for the last three months (25-35 days/ 
cycle). Post-menopausal women were eligible; however, 
their hormone supplementation status had to remain con- 
stant for the duration of the study. Women who started 
hormone replacement therapy within six months prior to 
the study were ineligible. Finally, all participants signed an 
informed consent document before being enrolled. The 
project was approved by the Laval University Ethical Re- 
view Committee. 

Study design 

In this single-blind, randomized, cross-over, controlled 
study, participants who met the inclusion criteria first re- 
ceived nutritional advice to adapt their diet to a prudent 
dietary pattern (25-35% of calories from fat, <10% of calories 
from saturated fatty acids, <1% of calories from trans fatty 
acids, dietary cholesterol <200 mg/d and sodium <2300 mg/d). 
A trained registered dietitian gave recommendations that 
were based on a validated self-administered food fre- 
quency questionnaire (FFQ), which assessed the 



Randomization 



Weeks 
4 / 8 



10 





Control 


Run-in 


Dairy 





Control 



FFQ 
ABPM 



Figure 3 Study design (FFQ: food frequency questionnaire; 
ABPM: ambulatory blood pressure monitoring). 



participants' diets from the preceding four weeks [30] 
and from three-day food diaries. A two-week run-in 
period followed to allow participants to familiarize them- 
selves with the recommendations (Figure 3). 

After the run-in period, participants were randomly 
assigned to a DAIRY-CONTROL or a CONTROL-DAIRY 
diet sequence using computer-generated numbers. Each 
dietary phase lasted four weeks separated by a four-week 
wash-out period. During the wash-out period, participants 
were told to continue with the dietary recommendations 
they received during the run-in period. The run-in period 
refers the period between week -2 and week 0, and the 
baseline refers to week 0. Weeks 0 to 4 and 8 to 12 were 
the two treatment periods, and the time lapse between 
week 4 and week 8 was the wash-out period (Figure 3). 
During the DAIRY diet, participants had to incorporate 
the equivalent of 3.1 daily servings of dairy products into 
their normal day diet. During the CONTROL diet, they 
had to incorporate control products equivalent in energy, 
saturated fatty acids (SFA) and sodium content. Participants 
had to avoid consuming any dairy products during the 
CONTROL period. The food types, serving sizes and nu- 
tritional composition of each treatment are presented in 
Table 6. All dairy products or control foods were provided 
to participants on a weekly basis. Behavioral and psycho- 
logical counselling was offered to subjects throughout the 
study to maximize the success of the nutritional changes 
and to ensure their compliance with treatment. 

Concealment 

Study participants and study coordinators were not blind 
because of the tangibility of the study food (see Table 6). 
However, investigators and laboratory staff were blinded 
until the final statistical analyses were conducted. 

Ambulatory BP monitoring 

Twenty-four-hour ABPM was performed using a Space- 
labs 90207 device (Spacelabs Inc., Redmond, WA) at the 
screening and at the end of each dietary phase. The day- 
time period was set from 6:00 AM to 10:00 PM. During 
the daytime, BP was measured every 20 minutes, and 
during the night, every 30 minutes. Participants had to 
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Table 6 Nutritional composition of dairy and control 
foods 



Dairy diet Control diet 



Food 


Milk, 1% m.f., 375 ml 


Fruit juice, 290 ml 




Cheddar cheese, 
34% m.f., 30 g 


Vegetable juice, 156 ml 




Stirred yogurt, 
1.5% m.f., 175 g 


Salted cashews, 20 g 
Cookie (homemade), 1 


Energy (kcal) 


432 


438 


Proteins (g) 


26.0 


7.7 


Carbohydrates (g) 


45.0 


63.3 


Fibers (g) 


0.0 


3.2 


Lipids (g) 


16.3 


17.1 


SFA (g) 


8.7 


7.6 


MUFA (g) 


4.11 


6.6 


PUFA (g) 


0.42 


1.91 


Sodium (mg) 


465 


459 


Calcium (mg) 


913 


84 



wear the device for all of the time (24 hours) and had to 
complete a physical activity diary in parallel to assess their 
daily energy expenditure [31]. To be considered valid, the 
percentage of valid readings of each ABPM session had to 
be no less than 70%. 

Office BP measurement 

On a weekly basis, study subjects had to visit the research 
center for BP measurement. Auscultatory readings of BP 
were performed using a properly calibrated, automatic BP 
monitor (BP Thru, Omron) and were supervised by a 
nurse or a research professional. Subjects were asked to 
avoid caffeine 30 minutes before the appointment and had 
to sit quietly for 10 minutes before beginning the mea- 
surements. A minimum of three sequential readings were 
taken with three minutes between readings. 

Dietary assessment 

Before the run-in period and at weeks 4 and 12, partici- 
pants had to complete a three-day food diary and a vali- 
dated web auto-administered FFQ [30], which assessed 
their food intake from the preceding four weeks and 
therefore, over the intervention periods. 

Endothelial function assessment 

Endothelial function was assessed via digital pulse ampli- 
tude tonometry using an Endo-PAT2000 device (Itamar 
Medical, Caesarea, Israel) at the end of each dietary phase. 
This device uses non-invasive technology to measure the 
reactive hyperemia following an ischemia in the forearm. 
Patients were placed in a horizontal position. Two finger- 



mounted probes were attached to the distal phalanx 
of their index finger, which measured the arterial pul- 
satile volume change. A BP cuff was placed on the non- 
dominant forearm, and the other forearm served as the 
control. After a five-minute baseline period, the cuff in- 
flated at a 250 mm Hg pressure that created an ischemia 
in the study forearm. After five minutes, the cuff was de- 
flated, and the pulse amplitude tonometry was recorded 
for the last five-minute period. The outcome measure- 
ment that assesses the endothelial function is the reactive 
hyperemia index (RHI), which is the ratio of the digital 
pulse volume during reactive hyperemia compared with 
the baseline digital pulse volume. This method has been 
validated, is user-independent and gives a similar result as 
the flow-mediated dilation method, which also assesses 
the endothelial function [32,33]. 

Compliance assessment 

Compliance was evaluated using checklists that the par- 
ticipants completed daily. Information from the three- 
day food diaries, FFQ and 25-OH vitamin D serum con- 
centration obtained or measured at the end of each diet- 
ary phase were used in addition to the checklists to 
assess their compliance with the dietary advice given be- 
fore the run-in period and the treatment foods during 
the intervention periods. 

Anthropometry 

Anthropometric measurements (body weight, waist cir- 
cumference and hip circumference) were collected at the 
screening and at weeks 0, 2, 4, 8, 10 and 12. Body weight 
had to remain constant for the duration of the study. 

Statistical analyses 

The primary study outcome is the difference in the 
mean daytime systolic BP between the DAIRY and the 
CONTROL diets. The change in the mean daytime dia- 
stolic BP is the secondary study outcome and the third 
outcome is the difference in the RHI between both dietary 
phases. Unadjusted paired t-test and PROC mixed proce- 
dures for repeated measurements with adjustment for signifi- 
cant covariable were performed to compare the difference 
between the mean daytime blood pressure and RHI in the 
whole cohort and for gender using JMP software (vlO.0.0, 
Cary, NC) and SAS software (v9.3, Cary, NC). Assessment 
of any interaction and adjustments for significant covari- 
ables through multivariate modeling were performed 
using the same procedure. Differences with P < 0.05 were 
considered statistically significant. Non-normally distrib- 
uted data were log transformed prior to the analyses. 

Sample size estimate 

The study was designed to accurately test our main hy- 
pothesis. We performed our calculations based on data 
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presented in the original DASH study [8], in which 354 
of the 459 subjects had their BP assessed with 24-h 
ABPM and in which 50-60% of the change in BP was at- 
tributable to dairy consumption per se [34]. We deter- 
mined that in our study, having 80 subjects complete 
the two phases of the intervention would allow us to de- 
tect a clinically meaningful 5 mm Hg change in mean 
daytime systolic BP with a power of 90% and a clinically 
meaningful 3 mm Hg change in mean daytime diastolic 
BP with a power of 90%. To account for the anticipated 
15% drop out, we attempted to recruit 92 subjects, with 
equal numbers of males and females. 

Abbreviations 

ABPM: Arterial blood pressure monitoring; BMI: Body mass index; BP: Blood 
pressure; FFQ: Food frequency questionnaire. 

Competing interests 

This study was supported by the Canadian Agri-Science Clusters Initiative, 
Dairy Research Cluster. (Dairy Farmers of Canada, Agriculture and Agri-Food 
Canada and the Canadian Dairy Commission). 

Authors' contributions 

PC, LP and BL designed the research study; AJT, IG and JPDC conducted the 
research; PC, LP, BL and AJT analyzed the data; JPDC, PC, BL and AJT wrote 
the paper; and PC had primary responsibility for the final content. All of the 
authors read and approved the final manuscript. 

Authors' information 

Benoit Lamarche is the recipient of a Chair in Nutrition and Cardiovascular 
Health at Laval University. PC is professor of medicine at Laval University. 

Acknowledgments 

The authors are grateful to the subjects for their excellent collaboration and 
to the dedicated work of Danielle Aubin and Steeve Larouche. 

Received: 3 March 2014 Accepted: 7 August 2014 
Published: 14 August 2014 

References 

1. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Borden WB, Bravata 
DM, Dai S, Ford ES, Fox CS, Franco S, Fullerton HJ, Gillespie C, Hailpern SM, 
Heit JA, Howard VJ, Huffman MD, Kissela BM, Kittner SJ, Lackland DT 
Lichtman JH, Lisabeth LD, Magid D, Marcus GM, Marelli A, Matchar DB, 
McGuire DK, Mohler ER, Moy CS, Mussolino ME, et ol: Heart disease and 
stroke statistics-2013 update: a report from the American Heart 
Association. Circulation 2013, 127:e6-e245. 

2. Lawes CM, Vander Hoorn S, Rodgers A: Global burden of blood-pressure- 
related disease, 2001. Lancet 2008, 371:1513-1518. 

3. Keamey PM, Whelton M, Reynolds K, Whelton PK, He J: Worldwide 
prevalence of hypertension: a systematic review. J Hypenens 2004, 
22:11-19. 

4. Munzel T, Sinning C, Post F, Warnholtz A, Schuiz E: Pathophysiology, 
diagnosis and prognostic implications of endothelial dysfunction. Ann 
Med 2008, 40:180-196. 

5. Bolad I, Delafontaine P: Endothelial dysfunction: its role in hypertensive 
coronary disease. Cuff Opin Cafdiol 2005, 20:270-274. 

6. Sacks FM, Campos H: Dietary therapy in hypertension. N Engl J Med 2010, 
362:2102-2112. 

7. Zhao D, Qi Y, Zheng Z, Wang Y, Zhang XY, Li HJ, Liu HH, Zhang XT Du J, 
Liu J: Dietary factors associated with hypertension. Nat Rev Cafdiol 201 1, 
8:456-465. 

8. Appel LJ, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP, Sacks FM, Bray 
GA, Vogt TM, Cutler JA, Windhauser MM, Lin PH, Karanja N: A clinical trial 
of the effects of dietary patterns on blood pressure: DASH Collaborative 
Research Group. N Engl J Med 1 997, 336:1 1 1 7-1 1 24. 

9. Estruch R, Martinez-Gonzalez MA, Corella D, Salas-Salvado J, Ruiz-Gutierrez V, 
Covas Mai, Fiol M, Gomez-Gracia E, Lopez-Sabater MC, Vinyoles E, Aros F, 



Conde M, Lahoz C, Lapetra J, Saez G, Ros E: Effects of a Mediterranean- 
Style Diet on Cardiovascular Risk FactorsA Randomized Trial. Ann Intefn 
Med 2006, 145:1-11. 

10. Pettersen BJ, Anousheh R, Fan J, Jaceldo-Siegl K, Eraser GE: Vegetarian diets 
and blood pressure among white subjects: results from the Adventist 
Health Study-2 (AHS-2). Public Health Nutf 2012, 15:1909-1916. 

1 1 . Savica V, Bellinghieri G, Kopple JD: The effect of nutrition on blood 
pressure. Annu Rev Nutf 2010, 30:365-401. 

12. Appel LJ, Brands MW, Daniels SR, Karanja N, Elmer PJ, Sacks FM: Dietary 
approaches to prevent and treat hypertension: a scientific statement 
from the American Heart Association. Hypeftension 2006, 47:296-308. 

13. Soedamah-Muthu SS, Verberne LD, Ding EL, Engberink MF, Geleijnse JM: 
Dairy consumption and incidence of hypertension: a dose-response 
meta-analysis of prospective cohort studies. Hypeftension 201 2, 60:1 1 31 -1 1 37. 

14. Ralston RA, Lee JH, Truby H, Palermo CE, Walker KZ: A systematic review 
and meta-analysis of elevated blood pressure and consumption of dairy 
foods. J Hum Hypeftens 2012, 26:3-13. 

1 5. McGrane MM, Essery E, Obbagy J, Lyon J, Macneil P, Spahn J, Van Horn L: Dairy 
consumption, blood pressure, and risk of hypertension: an evidence-based 
review of recent literature. Cuff Cafdiovasc Risk Rep 201 1, 5:287-298. 

16. Alvarez-Leon EE, Roman-Vinas B, Serra-Majem L: Dairy products and 
health: a review of the epidemiological evidence. Bf J Nutf 2006, 
96(Suppl 1):S94-S99. 

17. Kynast-Gales SA, Massey LK: Effects of dietary calcium from dairy products 
on ambulatory blood pressure in hypertensive men. J Ann Diet Assoc 
1992, 92:1497-1501. 

18. Hilpert KF, West SG, Bagshaw DM, Fishell V Barnhart L, Lefevre M, Most MM, 
Zemel MB, Chow M, Hinderliter AL, Kris-Etherton PM: Effects of dairy 
products on intracellular calcium and blood pressure in adults with 
essential hypertension, j /\m Coll Nutf 2009, 28:142-149. 

19. Sacks FM, Svetkey LP, Vollmer WM, Appel LJ, Bray GA, Harsha D, Obarzanek 
E, Conlin PR, Miller ER 3rd, Simons-Morton DG, Karanja N, Lin PH: Effects on 
blood pressure of reduced dietary sodium and the Dietary Approaches 
to Stop Hypertension (DASH) diet: DASH-Sodium Collaborative Research 
Group. N Engl J Med 2001 , 344:3-1 0. 

20. White WB: Ambulatory blood-pressure monitoring in clinical practice. 
N Engl J Med 2003, 348:2377-2378. 

21. Marchiando RJ, Elston MP: Automated ambulatory blood pressure 
monitoring: clinical utility in the family practice setting. Ann Earn 
Physician 2003, 67:2343-2350. 

22. Aburto NJ, Ziolkovska A, Hooper L, Elliott P, Cappuccio FP, Meerpohl JJ: 
Effect of lower sodium intake on health: systematic review and meta-analyses. 
BMJim, 346:f1326. 

23. Meter JE, Stam BE, Kok FJ, Grobbee DE, Geleijnse JM: Influence of weight 
reduction on blood pressure: a meta-analysis of randomized controlled 
trials. Hypeftension 2003, 42:878-884. 

24. Stevens VJ, Obarzanek E, Cook NR, Lee IM, Appel LJ, Smith West D, Milas 
NC, Mattfeldt-Beman M, Belden L, Bragg C, Millstone M, Raczynski J, Brewer 
A, Singh B, Cohen J: Long-term weight loss and changes in blood 
pressure: results of the Trials of Hypertension Prevention, phase II. 
Ann Intefn Med 2001, 134:1-11. 

25. Barbagallo M, Dominguez LJ, Licata G, Ruggero R, Lewanczuk RZ, Pang PK, 
Resnick LM: Effect of testosterone on intracellular Ca-H-i- in vascular 
smooth muscle cells. Afn J Hypeftens 2001, 14:1273-1275. 

26. Barbagallo M, Dominguez LJ, Licata G, Shan J, Bing L, Karpinski E, Pang PK, 
Resnick LM: Vascular effects of progesterone: role of cellular calcium 
regulation. Hypeftension 2001, 37:142-147. 

27. Ohkubo T, Kikuya M, Metoki H, Asayama K, Obara T, Hashimoto J, Totsune K, 
Hoshi H, Satoh H, Imai Y: Prognosis of "masked" hypertension and 
"white-coat" hypertension detected by 24-h ambulatory blood pressure 
monitoring 10-year follow-up from the Ohasama study. J /Im Coll Cafdiol 
2005, 46:508-515. 

28. Chobanian AV Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr, Jones 
DW, Materson BJ, Oparil S, Wright JT Jr, Roccella EJ: The Seventh Report of 
the Joint National Committee on Prevention, Detection, Evaluation, and 
Treatment of High Blood Pressure: the JNC 7 report. JAMA 2003, 

289:2560-2572. 

29. Clement DL, De Buyzere ML, De Bacquer DA, de Leeuw PW, Duprez DA, 
Fagard RH, Gheeraert PJ, Missault LH, Braun JJ, Six RO, van Der Niepen P, 
O'Brien E: Prognostic value of ambulatory blood-pressure recordings in 
patients with treated hypertension. N Engl J Med 2003, 348:2407-241 5. 



Drouin-Chartier et at. Nutrition Journal 2014, 13:83 
http://www.nutritionj.conn/content/1 3/1/83 



Page 9 of 9 



30. Labonte ME, Cyr A, Baril-Gravel L, Royer MM, Lamarche B: Validity and 
reproducibility of a web-based, self-administered food frequency 
questionnaire. Eur J Clin Nutr 2012, 66:166-173. 

31. Bouchard C, Tremblay A, Leblanc C, Lortie G, Savard R, Theriault G: A 
method to assess energy expenditure in children and adults. Am J Clin 
Nutr] 983, 37:461-467. 

32. Kuvin JT, Patel AR, Sliney KA, Pandian NG, Sheffy J, Schnall RP, Karas RH, 
Udelson JE: Assessment of peripheral vascular endothelial function with 
finger arterial pulse wave amplitude. Ann Heart J 2003, 146:168-174. 

33. Moerland M, Kales AJ, Schrier L, van Dongen MG, Bradnock D, Burggraaf J: 
Evaluation of the EndoPAT as a Tool to Assess Endothelial Function. Int J 
Vase Med 2012, 2012:904141. 

34. German JB, Gibson RA, Krauss RM, Nestel P, Lamarche B, van Staveren WA, 
Steijns JM, de Groot LC, Lock AL, Destaillats F: A reappraisal of the impact 
of dairy foods and milk fat on cardiovascular disease risk. Eur J Nutr 2009, 
48:191-203. 



doi:1 0.1 186/1475-2891-13-83 

Cite this article as: Drouin-Chartier et al.: Impact of dairy consumption 
on essential hypertension: a clinical study. Nutrition Journal 2014 13:83. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at /^\ r=„«|,-,j rpntrai 

www.biomedcentral.com/submit momea L.enTrai 



